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A DNA polymerase (I) from a super thermophi 1 ic archaebacterium KODl is new. 
Also claimed are: (1) an isolated DNA coding for (I); (2) an expression 
vector containing the DNA of (1); (3) a recombinant host cell transformed 
with the expression vector of (2); and (4) methods for the preparation of (I). 

USE - The DNA polymerase has a high thermal stability and is suitable 
for PCR. 
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-So 

A#U tf£rn- Kt^Ifi? D— zi>^L. 
7XS Ri? f IfiM 4 WttD N A 
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[»*IS1] Wi!lSSlKODlfi*ODNA#U 

*»«tT*»*3« 1 E«©DNA#U to 

[W*JS4] E?>J#^2 tCffi«$tl-5T5 ygESS^J* 

* n t £ *mr t -r * mum. i tarn © d n a # y * 

7— fe'o 10 

[»**5] iB»»*fiJHWKOD 1**©DNA#U 
^7-KS3 - l«t5**SnfcDNA. 

[■1**6] E?"J#^2fclB«^nST5y®!E^J?r 

5 tEi*n*¥isnfcDNA. 

$tl-5^gS^nfcDNA„ 
[M*JS8] MF#JH5fcBfl£*l&DNAfc'<*i'- 

[»*1S9] ^^-*lp ET- 8 c femo^f?- 
T » S d t <h f -5 11*31 8 IB*© D N AW^.^ 

m^Z>9- (pET-p o 1) . 

[3**3110] H#iH8fcK«SnSDNAfflill;t5B 

Mo 

[f»*3l 1 1 ] iitt^iff*!, 

-ran** 8 fB®om^x.?&*ifflig<, 

[H*Jg 1 2 ] W*J1 1 0 f'IB«$n-5Samx.Tt^ffl 
1 3 ] lt*JS 1 0 KE*S tl*a«A1&^IB 

l. »j&Atti<ft&M»u (b) ffl^A-^iSfflflsa^© 
^mw a k s Rt*-r * ia £^ tr c t & # m t -r « ^» 
^jiskod i a*DNAjj«u^5— e*jiwi-r** 

[I9*isi4] a»^.s*iaia*«»r-s>&tt**. iB 

*S^3T*S:ii*»*i:t-*il#m 3E*©«# 40 

«i8kod i 4*dna#'j/7- trs»«-r*# 

So 

[§»*igi5] mm^m^mm^cD^mmmm^m 

1 3fflit©j8ffjftteiilttKOD lft*DNA#'J>(7- 

[w*jsi6] AfiiR&a&ftft*. 7 0^1, 

L<tt9 0'CEA±T-$.-S) ' <h5:!|#ii[tT-S)i**il 1 5 IB 
tt©«#ilft*&JRilKOD 1 S*DNA#'J 

50 
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[BWOSMlllfclft'JilJ 

[0 0 0 1] 

D 1 **©DNAjPU t?*3«ktfgS#U — tf£ 

n - K-r sie^a e tfcitef sr^ji-r-s d n a^ 

[0 0 0 2] 

© D N A # U * 7 - -tf 43 <k tf<*> fiffifflK igSPrT S 7 r 
W3fca*frSnT<^*. #U;*7— iSMftEfc 

(pcr) tso«K»«*fflt»saaiADNAa«c^r 

ffl & HUMS D N A# U * 5 — £ tz H-T -5 W3£ < & $ 
ntU5. PCRHJfcKJB<^&ft«ffiHS&teDNA3i*'J * 
5— -fefiLTtt, ±tLT-y--YX-f-t7^7X(T 
hermus thermophilus)fi&3)5CDDNA#U tf (Tth# 

U^7— tf) ^> t-VX • 7^7^*X(Thermus aqu 
aticus) ft*CDNA#U *=7— tfttaqtf'J *<y— & 

[0 0 0 3] 

WH*3SLT^*. S&. #Ctt©aQ&*©IS 

©IE«ttt::t>:Ktt3;&^;fc9. DNAffiM^^'J ^ 

ffi -r * «a & w j»tt d n a # u ^ 5 — -b a s nx 

life. *fctfnn-y*7. • 7'J^-9"X(Pyrococcus furi 
osus) **OSittDNA#U/7- tf(Pfu7j?U ^7- 
if, W092/09689, t#Hfl¥5-328969-*f&l8) . if— ^ny 
*X • U h v D X(Thermococcus 1 i toral is)fi3fe©B^ 
ttDNA*U^^--t?(Tli#U^5— if. #M5p6-7160 

IE«H4«T agDNA^U/7-WTh eDNA#U 

[0 0 0 4] 

na^u ^ 9— tf***-ra3waa:ia« ! r»*&©Mo 1 a 

1 S3|5CDDNA7}?'J tfTab-5,, 
[0 0 0 5] *fc*ffiWJ4i8fi ! l!ft*ft«»KOD 1 
DNA^'J^7-tf53- HTS^BtSnfcDNAT* 
-5. 

[0 0 0 6] S6»=3*:f6^ttiB»JRJfiHBrKODl** 
ODNA#'J/5- if* 3 - FtSflinfcDNAS 



( 3 ) 

3 

[0 0 0 7] Sfc*»5BttiH»J»*&lRllKOD 1 fi#<D 

z ?-\zmxLfcDN Ammz-5£m^2 tr-zm^Tm 

[0 0 0 8] *^Kttfi»l»S&JHIlKOD 1 fi*(DDN 

[0 0 0 9] S&*fS^ttjg»»iJfiJ3gBKOD 1 fi*<D 
SiBpH 

DNA^GCM 
[0 0 11] MMIKOD lttctt, Egftl Mm 

©sure*?), **©a***«ru-T^fc. c©Biactt 

M^69ttK^6P f uDNA#U*5—t?£Kii(Pyroc 
occus furiosus) &<fc^T 1 i (Vent) DNAsRU 
;* 5— tf £ggK(Thermococcus 1 i toral i s) £<DM$lMWi 

[0012] **§8owi»ttDNA#u^^— trae^ 

^O^ffitt, PfuDNA*'J^7-!?OftSfl*75 

yg^SE^J (Nucleic Acids Research, 1993, vol.21, No. 
2, 259-265) ICSO^, ^ T-*K»|-U 

[0 0 13] if IffiMlKOD 1 «c©»fi#DN 
A^^tC, ±K»I»l,;fc:77-f V- (fcU E*«HI4 
t5) SfflOiTPCRKMff^ DNA»rtf-*«i|6£ 
J««£ft&»rrt-QDNAE5!I (fcU E3WJ6) 

it*»B«, gWfr^^o-^U MDNAO 40 

>«r*Mrt-*. IWttSDNA^U/S-lflfifS 
^tr»f)to^^«J:^o^:^^^^j4 - 7 K b p KE^f 

[0 0 14] SKI, &J4-7 Kb p COD N A»f)t*y;i^ 
*^EfiRL, iinSr/B^T. ^IfCTDNA7^y7 
»J-ftfP«U ±fH!B«^PCRti'liDNA»fit 

[0 0 1 5] *»HJ{-43^T^P— XbL&KOD It* 50 
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DNA#U tf£3- F*r^W^nfcDNA*^ 

f^-l:jfAlfcDNAaix^^^-^^ 

*«5«*tifctt*Ai&**iiiiasi6*b, (a) mmm*. 
(b) ft**ig*«Maft*©5Fttaaj(ti»*-r*xs 

[0 0 10] *»«irfiViT«6ffl-r*ifflfiFJ**filH«coi 
1TWKOD1H *iB*»/hS»OiilEata*^*Hi 

6 5- 1 0 Or 
9 5*C 
5-9 
6 

2-3% 
3 8 % 

ODNA#iJ^7-ifI£?li5 0 1 OSS 

yti6 7o» *^*ritsnt^5 (gH^J#-^i) . 

ffi<Z)DNA3RU^^— IftJtliLfciil^, #389! 
e^tZ & aDNA#'J/7- if 

Regionl-5^SaELW«». ^fcKilfe 

T8SEX01, 2, 3«ffiLT^§. jSff&ttjglB 
KOD l*|cS*cOiB«kttDNA2SU * ^ --feffifS^ Offi 
RegionL 2 rtfctt, 4*^SEE5!lJWfaF 
ffiLT&9, ^>U— 5*^ (OR 

F) <D«#£n&»^&a*oT^So 
[0 0 16] jB***6B«KOD l«e<D»jlM4DNA# 

U ^"*9*X (Pyrococcus furiosus) fiJ(?)P f uDNA* 
U^^-lflfif 08M¥ 5-328969 *fii*R) , Rtf* 
-t^yi^ • U h ^ U Xdhermococcus litoralis)fl 
*<£>T 1 i (Vent) DNA#U/5-Klfi? («p 
W¥ 6-7160 tJt«"rst, *5B9lG>KODl 

&<Dltfc¥\Zit4t&&mifl&&r&ifi* ±tBPf uDN 

Assu^^-ifoae^Kji^ftEjittfiFffi^r, *& 

Tl iDNA#'J^7-l?lfiTOl 2«GtfhiE#l 
Re g i o n 2, 3<Dfc7:&D. *^OKOD 1 W<D 

iittDNA* u * v - ifjte^ n<r>ft&wMv>ntem 
[0017] **woae^ttia»s»S6iRiiKOD is 

*©DNA#U^5-l?S3-Ht5DNAt»S e K 
DNA<B— WlttE^IS*! 1 Sfctt2 tCfBfg^n^T^y 
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*EM*a-H-r**a«iB5a**#-ra. -©± 

3 D N A ttE*J## 1 * & tt 3 B* 3 ft S tttSE 81 
*&»«■©-«#■£**-*-*. #fB"H©«#«Hfcl8BK 
OD l«c**©aKH4DNA#U^5— tf**J»BT5S 
SI E?>J#^ 1 (C;f;£ft-5*SE^J© 1 3 7 

4~2453bp, 2708~4316bp ©rThflEE^J 
*PCRfig? : ilt-&ffiC«t t)l?)it t ^ifODN 

*^fo*k:J:OPCRR**ffv^ rt'ffiETUK.fcDa* 10 

m>T^©*«©S«T*E5U&*iJ/HLTPCRKj££ 

/B^I^&CPCRKJSi&fT 7>iGEE?!l£^£&l>KO 

MffflDNA^U tfjte^ 

[0 0 18] *%W\Z$>^T®.m-$-2>'<?? — fct, KO 
D 1 ffi*©Bf^ttDNA7j^U^^— if©^D — ->^*5 20 

i&^SRi'i'- «*.ttpET- 8 

PUC19, pBR3 2 2, pBluescript, 
PSP73, pGW7, pET3A, pETUCSt* 
7r-/iLTIi fctx.tfAgtll, AD 
ASH, AZap I I tiEffimtf ZtlZ. #3891 C*3 (A 

Tttffl-r«is±i»KtbTtt, *js§m. »mtai*tfi&iff 30 

Sft3, *JKB<fcLT«, tfiJAfcr J M 1 0 9, 10 1. 
XL1, PR1. BL21 (DE3) plysS&t*** 
mvfZtlZ. *5g^T«±IBKOD 1 EB3tE©Bl^ttDN 

AbTIM^^^-ib, JSC d©m&*.f€§l 

[0 0 19] #fgBJ©SJjg&Ttt. ±E»**.lt±lBlfe 
%m&l.X> KOD ltom&<DWt18s&DNA-#V *7- 

-feate^ssMMasstf*. i&**.if£infi©#*K:tt 

tt. KOD l*i*©Mi?iJ^S&^^W©D 
NA#U/7- t?JtfcT£"&trpET-8 c^7XS F 

[0020] *^^oiiSTii &fft^.«^iiaji&«# 
fflj&AttMfe&naiu. (b) <<g3ifflB&&%;<DTm.w&n 
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BUttDNAjRU *7— tftt, m±tf#£**n?** ■ 

•e. aMffia&g&Ku ±aioiittDNA*u^7- 
■esiHiiR-r*. M^^fett. jg^&a&s, 

^n^ws sigo loin, m&atf 

fl 1 *^. Iffll^ftttTCCKi, 5f*L<tt9 0"C 

^D7^77^-&t'^*ffit5. 

[0 0 2 1] £©&fcbTE#L)fcj@»§&i&Ig«KOD 
l*S*©Iif^14DNA*U^^--tf©7>^att. &9 
0 KD aTfeS (i2#I) „ 

[0 0 2 2] ^©fittDNA^U 

AWrtf-©iti«;W*tt3ft« (0 3#I) . 
[0 0 2 3] 

[0 0 2 4] 

MgiMMKOD l«ca3l£DNA^'J^9— Kite? 

©^p-->;y 

ftie»»/h^ftK:T*l«LfcjH»J»S&JHMKOD 1«* 
9 5*CKT*H*«. M^^IelJtXLfCo #&ftfctt#*»5 
HfftCt8«r»ia»S»*6««fKOD lttWSsftttDNASH 

gSLfc, Pyrococcus furiosus fi3fc©D N A# U ;* 5 — 
-fcf (P fu#U/5-lf) ©&#<S*£7 5 /KEJUKS 
■3*^, 2i©y7^"7- (5' -GGATTAGTATAGTGCCAATGGAA 
GGCGAC-3' (EJU#^4), 5' -GAGGGCGAAGTTTATTCCGAGCTT 
-3' 5) fc^tfUfc. C©2a©7 P 7'fV-^ 

ttJIU P!«U&S!!fifl:DNA8l»3!iLT. PCRS 

[0 0 2 5] PCRiiDNAlfrCttaSEJl <E5I# 

*6) SSMSU 73/S?E?iJ (E*>J#^t7) 

Cl©i«i|iDNA»r>t^7 p P-> r <i:LT. KOD 1 
t*^fe^DNA©JK^©a^#»fC^LT1t-y t >A'f ^ 
U^f-tf— ->a >4fT<^. DNAtJ?U^7— K 
"Ta»fH-©lJ-fXS*»fc (H4~7Kbp) . 3 6 
K. ^©^^^©DNA^fM-^T^P — ^y^&iajR 
U ^7XSHpBS Uh7^^->tt8) KJ*A 
L, £ft£©21-&$&lf;:J;0*JKK(E.coli JM109)£fl£Jt 
G&LT. ?7U-Sff«Uifc. U-tf>A-f 
-fif-va >{cfi6fflLfe^D-^ (E$>J#*»6) Sfflv* 
T, nnr-A^yy^ -tf-->3 >*fT^, -tfe^-r 
^7U-*»e. KOD 1«c**©DNAj1?U^7— fefJft 
e^£^WT5<h#*.£ft-5i7P—>t*(E.coli JM109/ 



( 5 ) 

7 

pBSKODl)£Btf§l,&. 

coo26] mnm 2 

i?u- >»r)t<paaEa[<Pfeg 

MMm\~t:Wi%L>tc2U->1fa y E. col i JM109/pBSK0Dl 
^D^X^H, BSKODlfcEIiKU fifftfcfiE^&SE^J 
<E3Wtl> £&£L£io S&fc#«>Sft;fc:iftSE*I 
. *^T^y*E5IJS«l)£Lfco KOD lt*fi3fc<7)DNA 
#U/7-tIfiff4-5 0 1 OSSA^&O, 16 70 

[0 0 2 7] *5E#J3 10 

SESE^JSK^ (1374~2453bp, 2708-43 
16 bp) *PCRBj^fefc<tOWO»^fc. PCRI 

3ffl(7)y^-f V- (E^J#^8- 1 3) 

I: EcoRV, C*iSffl!l : B amH I ) *tfiija$ns 
J:5fci9:W-Ufc. PCRitBUfM-*, «Bt±* 

U PCR***<DWfr*:75>rv-£LTfrofc. £ 

ttB-rsBrH-sa^u pcrs**©^*:/^^ 

KEcoRV, C*^tCB amH I h£WT£K 
OD lttfi*©DNA*U/7- tf*n— KTS^tft 30 

q&— ^-TR#nIffia:»^^^ — , pET-8c©N 
coI/BamHIWh, 5fcfciUabfclHIH»*lM 

- (pET-po 1) *»&o 

[0028] mmm 4 

KOD 1 ag|£DNA2RU^7— tf<P%^fc3B8t 
*«ffil3Tfl!t#UfcaSlA«3R^^^- (pET-po 

1) ftffl^T*SM9(E.coli Jlll09)««He&U #6 
tl^:^He«^^TBig^(Molecular Cloning, p. A. 2, 40 

1989fc8E«) T?**U *llfflil:T7yD^- 
y-OBIffllHV^Pt:^ /3-D- #5^1->F 

•Cf:T2 0»rflfflIb, fg^fflJ5SS*o^^>A'^S 
S^WfcL/fc. ^*B»*a^»l«UTI»*L, KOD 

[0 0 2 9] SiJS^J 5 50 
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KOD 1 ajfeE^tiDNA/^'J *^-if(PjMt 
|g«Sfi»J4T»6nfcKOD 1 fi*WS!&ttDNA7RU *5 
-KO^ISSDS-PAGEfttiotSfttti 
5, !58 6-9 2 kDaT*o^ (02) . Sfc, HZrg 
M4TflftKOD 1 a*©JBJ»ttDNA#U^7— ift 
KfcKOfiHH • y^-f T-^WPCR^lLfciu 
5, *tr— ^ y fix • 'J h :7 U X (Thermococcus litora 
lis) S*<Di»||*ffiDNA7RU^5— if*;H^fc*&£ 
ra«C«Wfr«DNAWfM-««fllB*tl (03) , 
S»»€ttDNA#U^5-iflStt««aiBSnfc. 

[0 0 3 0] JtKM 1 
2|£%Wg)iBff8»*ftJB«KOD-l fcgftMT&SfcJBfen 
^tfpjy^X - ^U^-»X(Pyrococcus furiosus) £ 
fti&'ty—^EUytjZ* - U h U X (Thermococcus litora 
lis) ajKOiBjfeffiDNAaSU^^-ifitfe^^^itft 
*»M©e»S(ftJfilgBKOD 1 fi*ODNA#U^7- 
i?«f5^ (E3*J#^3) , KP37*^*7U*U-X(P 
yrococcus furiosus) fi^coHl^ttD N A# U ^ if 
ite^ (4fi¥ 5-328969 , U— • 

U h7'JX (Thermococcus litoralis) fijfe^iBIKHitD 
NA#U^9— tfae? (#ffl¥ 6-7160 0D 
NAl»^7^/iE^J$igl, JtlftttWLfc. * 
1 a*<DDNA#U^9-iftt, Mm$i%Q 
aDNA*U^7- if <&«#fi«T& & Reg 

ionl-5^SlTWc 0 SfcN^SBflJKfct 3 ' -> 
5' X^y^^l/7-tf : £5 1 -7T^5EX0 1, 2, 
3**fiq£LTV>ifc. L**U aDNA#U^7-tW 
fi«R egionltRegion2 ©ft Kite, &^r^ 
ffiE#IIVS-A, IVS-B^ftLT^& (@4# 
fig) o —2k tf D3yW • ^U^i^X(Pyrococcus fu 
riosus) **<Oi»JRttDNA7RU^5-"lfT?*SP f u 
^U^^-iftr«^E^J^#ffib^^o^o S&U— 
^n^^X • U h7'JX (Thermococcus litoralis) A 
*<7)iB«ittDNA#U^^-trT*5Ve n t tRU^^ 
— ifTtt, aDNA#U^7-l?ft#««Region 
2i:Region3 (BrtK, ^ffiEJiJ IVSUIVS 
2*«B»6hfc (B4#M) o 

[0 0 3 1 ] 

[EJB*] 
E^J#*f 1 
ffiPKD-BiZ : 5342 
E#I<BS! : mtt (DNA) 

E^JCDffl* : c DNA 

mm : 

Vk£ : KOD 1 
EM<o«r« 
156-5165 P CDS 
1374-2453 ft&gim 
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2708-4316 4H£E#| 

mm 

GCTTGAGGGC CTGCGGTTAT GGGACGTTGC AGTTTGCGCC TACTCAAAGA TGCCGGTTTT 60 
ATAACGGAGA AAAATGGGGA GCTATTACGA TCTCTCCTTG ATGTGGGGTT TACAATAAAG 120 
CCTGGATTGT TCTACAAGAT TATGGGGGAT GAAAG ATG ATC CTC GAC ACT GAC 173 

Met He Leu Asp Thr Asp 
1 5 

TAC ATA ACC GAG GAT GGA AAG CCT GTC ATA AGA ATT TTC AAG AAG GAA 221 
Tyr He Thr Glu Asp Gly Lys Pro Val He Arg He Phe Lys Lys Glu 

10 15 20 

AAC GGC GAG TTT AAG ATT GAG TAC GAC CGG ACT TTT GAA CCC TAC TTC 269 
Asn Gly Glu Phe Lys He Glu Tyr Asp Arg Thr Phe Glu Pro Tyr Phe 

25 30 35 

TAC GCC CTC CTG AAG GAC GAT TCT GCC ATT GAG GAA GTC AAG AAG ATA 317 
Tyr Ala Leu Leu Lys Asp Asp Ser Ala He Glu Glu Val Lys Lys He 

40 45 50 

ACC GCC GAG AGG CAC GGG ACG GTT GTA ACG GTT AAG CGG GTT GAA AAG 365 
Thr Ala Glu Arg His Gly Thr Val Val Thr Val Lys Arg Val Glu Lys 
55 60 65 70 

GTT CAG AAG AAG TTC CTC GGG AGA CCA GTT GAG GTC TGG AAA CTC TAC 413 
Val Gin Lys Lys Phe Leu Gly Arg Pro Val Glu Val Trp Lys Leu Tyr 

75 80 85 

TTT ACT CAT CCG CAG GAC GTC CCA GCG ATA AGG GAC AAG ATA CGA GAG 461 
Phe Thr His Pro Gin Asp Val Pro Ala He Arg Asp Lys He Arg Glu 

90 95 100 

CAT GGA GCA GTT ATT GAC ATC TAC GAG TAC GAC ATA CCC TTC GCC AAG 509 
His Gly Ala Val He Asp He Tyr Glu Tyr Asp He Pro Phe Ala Lys 

105 110 115 

CGC TAC CTC ATA GAC AAG GGA TTA GTG CCA ATG GAA GGC GAC GAG GAG 557 
Arg Tyr Leu He Asp Lys Gly Leu Val Pro Met Glu Gly Asp Glu Glu 

120 125 130 

CTG AAA ATG CTC GCC TTC GAC ATT CAA ACT CTC TAC CAT GAG GGC GAG 605 
Leu Lys Met Leu Ala Phe Asp He Gin Thr Leu Tyr His Glu Gly Glu 
135 140 145 150 

GAG TTC GCC GAG GGG CCA ATC CTT ATG ATA AGC TAC GCC GAC GAG GAA 653 
Glu Phe Ala Glu Gly Pro He Leu Met He Ser Tyr Ala Asp Glu Glu 

155 160 165 

GGG GCC AGG GTG ATA ACT TGG AAG AAC GTG GAT CTC CCC TAC GTT GAC 701 
Gly Ala Arg Val lie Thr Trp Lys Asn Val Asp Leu Pro Tyr Val Asp 

170 175 180 

GTC GTC TCG ACG GAG AGG GAG ATG ATA AAG CGC TTC CTC CGT GTT GTG 749 
Val Val Ser Thr Glu Arg Glu Met He Lys Arg Phe Leu Arg Val Val 

185 190 195 

AAG GAG AAA GAC CCG GAC GTT CTC ATA ACC TAC AAC GGC GAC AAC TTC 797 
Lys Glu Lys Asp Pro Asp Val Leu He Thr Tyr Asn Gly Asp Asn Phe 

200 205 210 

GAC TTC GCC TAT CTG AAA AAG CGC TGT GAA AAG CTC GGA ATA AAC TTC 845 
Asp Phe Ala Tyr Leu Lys Lys Arg Cys Glu Lys Leu Gly He Asn Phe 
215 220 225 230 

GCC CTC GGA AGG GAT GGA AGC GAG CCG AAG ATT CAG AGG ATG GGC GAC 893 
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11 12 
Ala Leu Gly Arg Asp Gly Ser Glu Pro Lys He Gin Arg Met Gly Asp 

235 240 245 

AGG TTT GCC GTC GAA GTG AAG GGA CGG ATA CAC TTC GAT CTC TAT CCT 941 
Arg Phe Ala Val Glu Val Lys Gly Arg He His Phe Asp Leu Tyr Pro 

250 255 260 

GTG ATA AGA CGG ACG ATA AAC CTG CCC ACA TAC ACG CTT GAG GCC GTT 989 
Val lie Arg Arg Thr lie Asn Leu Pro Thr Tyr Thr Leu Glu Ala Val 

265 270 275 

TAT GAA GCC GTC TTC GGT CAG CCG AAG GAG AAG GTT TAC GCT GAG GAA 1037 
Tyr Glu Ala Val Phe Gly Gin Pro Lys Glu Lys Val Tyr Ala Glu Glu 

280 285 290 

ATA ACA CCA GCC TGG GAA ACC GGC GAG AAC CTT GAG AGA GTC GCC CGC 1085 
lie Thr Pro Ala Trp Glu Thr Gly Glu Asn Leu Glu Arg Val Ala Arg 
295 300 305 310 

TAC TCG ATG GAA GAT GCG AAG GTC ACA TAC GAG CTT GGG AAG GAG TTC 1133 
Tyr Ser Met Glu Asp Ala Lys Val Thr Tyr Glu Leu Gly Lys Glu Phe 

315 320 325 

CTT CCG ATG GAG GCC CAG CTT TCT CGC TTA ATC GGC CAG TCC CTC TGG 1181 
Leu Pro Met Glu Ala Gin Leu Ser Arg Leu He Gly Gin Ser Leu Trp 

330 335 340 

GAC GTC TCC CGC TCC AGC ACT GGC AAC CTC GTT GAG TGG TTC CTC CTC 1229 
Asp Val Ser Arg Ser Ser Thr Gly Asn Leu Val Glu Trp Phe Leu Leu 

345 350 355 

AGG AAG GCC TAT GAG AGG AAT GAG CTG GCC CCG AAC AAG CCC GAT GAA 1277 
Arg Lys Ala Tyr Glu Arg Asn Glu Leu Ala Pro Asn Lys Pro Asp Glu 

360 365 370 

AAG GAG CTG GCC AGA AGA CGG CAG AGC TAT GAA GGA GGC TAT GTA AAA 1325 
Lys Glu Leu Ala Arg Arg Arg Gin Ser Tyr Glu Gly Gly Tyr Val Lys 
375 380 385 390 

GAG CCC GAG AGA GGG TTG TGG GAG AAC ATA GTG TAC CTA GAT TTT AGA 1373 
Glu Pro Glu Arg Gly Leu Trp Glu Asn He Val Tyr Leu Asp Phe Arg 

395 400 405 

TGC CAT CCA GCC GAT ACG AAG GTT GTC GTC AAG GGG AAG GGG ATT ATA 1421 
Cys His Pro Ala Asp Thr Lys Val Val Val Lys Gly Lys Gly He He 

410 415 420 

AAC ATC AGC GAG GTT CAG GAA GGT GAC TAT GTC CTT GGG ATT GAC GGC 1469 
Asn He Ser Glu Val Gin Glu Gly Asp Tyr Val Leu Gly He Asp Gly 

425 430 435 

TGG CAG AGA GTT AGA AAA GTA TGG GAA TAC GAC TAC AAA GGG GAG CTT 1517 
Trp Gin Arg Val Arg Lys Val Trp Glu Tyr Asp Tyr Lys Gly Glu Leu 

440 445 450 

GTA AAC ATA AAC GGG TTA AAG TGT ACG CCC AAT CAT AAG CTT CCC GTT 1565 
Val Asn lie Asn Gly Leu Lys Cys Thr Pro Asn His Lys Leu Pro Val 
455 460 465 470 

GTT ACA AAG AAC GAA CGA CAA ACG AGA ATA AGA GAC AGT CTT GCT AAG 1613 
Val Thr Lys Asn Glu Arg Gin Thr Arg lie Arg Asp Ser Leu Ala Lys 

475 480 485 

TCT TTC CTT ACT AAA AAA GTT AAG GGC AAG ATA ATA ACC ACT CCC CTT 1661 
Ser Phe Leu Thr Lys Lys Val Lys Gly Lys lie He Thr Thr Pro Leu 
490 495 500 
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13 14 
TTC TAT GAA ATA GGC AGA GCG ACA AGT GAG AAT ATT CCA GAA GAA GAG 1709 
Phe Tyr Glu lie Gly Arg Ala Thr Ser Glu Asn He Pro Glu Glu Glu 

505 510 515 

GTT CTC AAG GGA GAG CTC GCT GGC ATA CTA TTG GCT GAA GGA ACG CTC 1757 
Val Leu Lys Gly Glu Leu Ala Gly He Leu Leu Ala Glu Gly Thr Leu 

520 525 530 

TTG AGG AAA GAC GTT GAA TAC TTT GAT TCA TCC CGC AAA AAA CGG AGG 1805 
Leu Arg Lys Asp Val Glu Tyr Phe Asp Ser Ser Arg Lys Lys Arg Arg 
535 540 545 550 

ATT TCA CAC CAG TAT CGT GTT GAG ATA ACC ATT GGG AAA GAC GAG GAG 1853 
He Ser His Gin Tyr Arg Val Glu He Thr He Gly Lys Asp Glu Glu 

555 560 565 

GAG TTT AGG GAT CGT ATC ACA TAC ATT TTT GAG CGT TTG TTT GGG ATT 1901 
Glu Phe Arg Asp Arg lie Thr Tyr He Phe Glu Arg Leu Phe Gly He 

570 575 580 

ACT CCA AGC ATC TCG GAG AAG AAA GGA ACT AAC GCA GTA ACA CTC AAA 1949 
Thr Pro Ser He Ser Glu Lys Lys Gly Thr Asn Ala Val Thr Leu Lys 

585 590 595 

GTT GCG AAG AAG AAT GTT TAT CTT AAA GTC AAG GAA ATT ATG GAC AAC 1997 
Val Ala Lys Lys Asn Val Tyr Leu Lys Val Lys Glu He Met Asp Asn 

600 605 610 

ATA GAG TCC CTA CAT GCC CCC TCG GTT CTC AGG GGA TTC TTC GAA GGC 2045 
He Glu Ser Leu His Ala Pro Ser Val Leu Arg Gly Phe Phe Glu Gly 
615 620 625 630 

GAC GGT TCA GTA AAC AGG GTT AGG AGG AGT ATT GTT GCA ACC CAG GGT 2093 
Asp Gly Ser Val Asn Arg Val Arg Arg Ser He Val Ala Thr Gin Gly 

635 640 645 

ACA AAG AAC GAG TGG AAG ATT AAA CTG GTG TCA AAA CTG CTC TCC CAG 2141 
Thr Lys Asn Glu Trp Lys lie Lys Leu Val Ser Lys Leu Leu Ser Gin 

650 655 660 

CTT GGT ATC CCT CAT CAA ACG TAC ACG TAT CAG TAT CAG GAA AAT GGG 2189 
Leu Gly He Pro His Gin Thr Tyr Thr Tyr Gin Tyr Gin Glu Asn Gly 

665 670 675 

AAA GAT CGG AGC AGG TAT ATA CTG GAG ATA ACT GGA AAG GAC GGA TTG 2237 
Lys Asp Arg Ser Arg Tyr He Leu Glu He Thr Gly Lys Asp Gly Leu 

680 685 690 

ATA CTG TTC CAA ACA CTC ATT GGA TTC ATC AGT GAA AGA AAG AAC GCT 2285 
He Leu Phe Gin Thr Leu He Gly Phe lie Ser Glu Arg Lys Asn Ala 
695 700 705 710 

CTG CTT AAT AAG GCA ATA TCT CAG AGG GAA ATG AAC AAC TTG GAA AAC 2333 
Leu Leu Asn Lys Ala lie Ser Gin Arg Glu Met Asn Asn Leu Glu Asn 

715 720 725 

AAT GGA TTT TAC AGG CTC AGT GAA TTC AAT GTC AGC ACG GAA TAC TAT 2381 
Asn Gly Phe Tyr Arg Leu Ser Glu Phe Asn Val Ser Thr Glu Tyr Tyr 

730 735 740 

GAG GGC AAG GTC TAT GAC TTA ACT CTT GAA GGA ACT CCC TAC TAC TTT 2429 
Glu Gly Lys Val Tyr Asp Leu Thr Leu Glu Gly Thr Pro Tyr Tyr Phe 

745 750 755 

GCC AAT GGC ATA TTG ACC CAT AAC TCC CTG TAC CCC TCA ATC ATC ATC 2477 
Ala Asn Gly He Leu Thr His Asn Ser Leu Tyr Pro Ser He He He 



( 9 ) 



7-298879 



15 
760 
ACC CAC AAC 
Thr His Asn 
775 

TAT GAC GTT 
Tyr Asp Val 

GGA TTT ATC 
Gly Phe He 

ATA AAG AAG 
He Lys Lys 
825 

CTC GAT TAC 
Leu Asp Tyr 

840 
CCC GAG GAA 
Pro Glu Glu 
855 

AGG ATT GGA 
Arg lie Gly 

GTA AAG AGA 
Val Lys Arg 

GTC CCG TCC 
Val Pro Ser 
905 

AAG GCC CTG 
Lys Ala Leu 

920 
CTG AAG TCG 
Leu Lys Ser 
935 

TCT GTG AGA 
Ser Val Arg 

CCA GGT GAC 
Pro Gly Asp 

AAC CAC GTG 
Asn His Val 
985 

GAA ACT TTG 
Glu Thr Leu 

1000 
TTC TTT AAA 
Phe Phe Lys 
1015 

AAG AGG CCC 



16 



GTC TCG 
Val Ser 

GCC CCA 
Ala Pro 
795 
CCG AGC 
Pro Ser 
810 

AAG ATG 
Lys Met 

AGG CAG 
Arg Gin 

TGG CTT 
Trp Leu 

GAG CTC 
Glu Leu 
875 
GAG GGC 
Glu Gly 
890 

TTT AAC 
Phe Asn 

ATT AGG 
He Arg 

GGG AGG 
Gly Arg 

AAC GGG 
Asn Gly 
955 
CTC GTT 
Leu Val 
970 

CTG AAC 
Leu Asn 

GAC ATC 
Asp He 

GGG ATG 
Gly Met 

AGA ACC 



765 

CCG GAT ACG 
Pro Asp Thr 
780 

CAG GTC GGC 
Gin Val Gly 

CTG CTT GGA 
Leu Leu Gly 

AAG GCC ACG 
Lys Ala Thr 
830 

AGG GCC ATC 
Arg Ala He 

845 
CCA GTC CTC 
Pro Val Leu 
860 

ATA GAC CGG 
He Asp Arg 

GAG ACG GAA 
Glu Thr Glu 

AGG AGA ACT 
Arg Arg Thr 
910 

CAC GAT TAT 
His Asp Tyr 

925 
AGA ATA AAG 
Arg lie Lys 
940 

GAG CTC GTT 
Glu Leu Val 

GCA GTC CCG 
Ala Val Pro 

CTC GTT GAA 
Leu Val Glu 
990 

GTC ATG ACG 
Val Met Thr 

1005 
CTC AGG ACT 
Leu Arg Thr 
1020 

GCG AGA CGC 



770 



CTC AAC 
Leu Asn 

CAC CGC 
His Arg 
800 
GAC CTC 
Asp Leu 
815 

ATT GAC 
He Asp 

AAG ATC 
Lys He 

GAG GAA 
Glu Glu 

ATG ATG 
Met Met 
880 
GTG CTT 
Val Leu 
895 

AAC AAG 
Asn Lys 

TCT GGC 
Ser Gly 

ATA ACC 
He Thr 

GAA GTT 
Glu Val 
960 
CGG AGA 
Arg Arg 
975 

CTG CTC 
Leu Leu 

ATC CCA 
He Pro 

TTG CGC 
Leu Arg 

TAT CTC 



AGA GAA GGA TGC AAG GAA 2525 
Arg Glu Gly Cys Lys Glu 
785 790 
TTC TGC AAG GAC TTC CCA 2573 
Phe Cys Lys Asp Phe Pro 
805 

CTA GAG GAG AGG CAG AAG 2621 
Leu Glu Glu Arg Gin Lys 
820 

CCG ATC GAG AGG AAG CTC 2669 
Pro He Glu Arg Lys Leu 
835 

CTG GCA AAC AGC ATC CTA 2717 
Leu Ala Asn Ser He Leu 
850 

GGG GAG GTT CAC TTC GTC 2765 
Gly Glu Val His Phe Val 
865 870 
GAG GAA AAT GCT GGG AAA 2813 
Glu Glu Asn Ala Gly Lys 
885 

GAG GTC AGT GGG CTT GAA 2861 
Glu Val Ser Gly Leu Glu 
900 

GCC GAG CTC AAG AGA GTA 2909 
Ala Glu Leu Lys Arg Val 
915 

AAG GTC TAC ACC ATC AGA 2957 
Lys Val Tyr Thr He Arg 
930 

TCT GGC CAC AGC CTC TTC 3005 
Ser Gly His Ser Leu Phe 
945 950 
ACG GGC GAT GAA CTA AAG 3053 
Thr Gly Asp Glu Leu Lys 
965 

TTG GAG CTT CCT GAG AGA 3101 
Leu Glu Leu Pro Glu Arg 
980 

CTT GGA ACG CCA GAA GAA 3149 
Leu Gly Thr Pro Glu Glu 
995 

GTC AAG GGT AAG AAG AAC 3197 
Val Lys Gly Lys Lys Asn 
1010 

TGG ATT TTC GGA GAG GAA 3245 

Trp He Phe Gly Glu Glu 

1025 1030 

AGG CAC CTT GAG GAT CTG 3293 
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Lys Arg Pro Arg Thr Ala Arg Arg Tyr Leu Arg His Leu Glu Asp Leu 

1035 1040 1045 

GGC TAT GTC CGG CTT AAG AAG ATC GGC TAG GAA GTC CTC GAC TGG GAC 3341 
Gly Tyr Val Arg Leu Lys Lys He Gly Tyr Glu Val Leu Asp Trp Asp 

1050 1055 1060 

TCA CTT AAG AAC TAC AGA AGG CTC TAC GAG GCG CTT GTC GAG AAC GTC 3389 
Ser Leu Lys Asn Tyr Arg Arg Leu Tyr Glu Ala Leu Val Glu Asn Val 

1065 1070 1075 

AGA TAC AAC GGC AAC AAG AGG GAG TAC CTC GTT GAA TTC AAT TCC ATC 3437 
Arg Tyr Asn Gly Asn Lys Arg Glu Tyr Leu Val Glu Phe Asn Ser He 

1080 1085 1090 

CGG GAT GCA GTT GGC ATA ATG CCC CTA AAA GAG CTG AAG GAG TGG AAG 3485 
Arg Asp Ala Val Gly He Met Pro Leu Lys Glu Leu Lys Glu Trp Lys 
1095 1100 1105 1110 

ATC GGC ACG CTG AAC GGC TTC AGA ATG AGA AAG CTC ATT GAA GTG GAC 3533 
He Gly Thr Leu Asn Gly Phe Arg Met Arg Lys Leu He Glu Val Asp 

1115 1120 1125 

GAG TCG TTA GCA AAG CTC CTC GGC TAC TAC GTG AGC GAG GGC TAT GCA 3581 
Glu Ser Leu Ala Lys Leu Leu Gly Tyr Tyr Val Ser Glu Gly Tyr Ala 

1130 1135 1140 

AGA AAG CAG AGG AAT CCC AAA AAC GGC TGG AGC TAC AGC GTG AAG CTC 3629 
Arg Lys Gin Arg Asn Pro Lys Asn Gly Trp Ser Tyr Ser Val Lys Leu 

1145 1150 1155 

TAC AAC GAA GAC CCT GAA GTG CTG GAC GAT ATG GAG AGA CTC GCC AGC 3677 
Tyr Asn Glu Asp Pro Glu Val Leu Asp Asp Met Glu Arg Leu Ala Ser 

1160 1165 1170 

AGG TTT TTC GGG AAG GTG AGG CGG GGC AGG AAC TAC GTT GAG ATA CCG 3725 
Arg Phe Phe Gly Lys Val Arg Arg Gly Arg Asn Tyr Val Glu He Pro 
1175 1180 1185 1190 

AAG AAG ATC GGC TAC CTG CTC TTT GAG AAC ATG TGC GGT GTC CTA GCG 3773 
Lys Lys lie Gly Tyr Leu Leu Phe Glu Asn Met Cys Gly Val Leu Ala 

1195 1200 1205 

GAG AAC AAG AGG ATT CCC GAG TTC GTC TTC ACG TCC CCG AAA GGG GTT 3821 
Glu Asn Lys Arg He Pro Glu Phe Val Phe Thr Ser Pro Lys Gly Val 

1210 1215 1220 

CGG CTG GCC TTC CTT GAG GGG TAC TCA TCG GCG ATG GCG ACG TCC ACC 3869 
Arg Leu Ala Phe Leu Glu Gly Tyr Ser Ser Ala Met Ala Thr Ser Thr 

1225 1230 1235 

GAA CAA GAG ACT CAG GCT CTC AAC GAA AAG CGA GCT TTA GCG AAC CAG 3917 
Glu Gin Glu Thr Gin Ala Leu Asn Glu Lys Arg Ala Leu Ala Asn Gin 

1240 1245 1250 

CTC GTC CTC CTC TTG AAC TCG GTG GGG GTC TCT GCT GTA AAA CTT GGG 3965 
Leu Val Leu Leu Leu Asn Ser Val Gly Val Ser Ala Val Lys Leu Gly 
1255 1260 1265 1270 

CAC GAC AGC GGC GTT TAC AGG GTC TAT ATA AAC GAG GAG CTC CCG TTC 4013 
His Asp Ser Gly Val Tyr Arg Val Tyr lie Asn Glu Glu Leu Pro Phe 

1275 1280 1285 

GTA AAG CTG GAC AAG AAA AAG AAC GCC TAC TAC TCA CAC GTG ATC CCC 4061 
Val Lys Leu Asp Lys Lys Lys Asn Ala Tyr Tyr Ser His Val He Pro 
1290 1295 1300 



( ii ) m 

19 20 
AAG GAA GTC CTG AGC GAG GTC TTT GGG AAG GTT TTC CAG AAA AAC GTC 
Lys Glu Val Leu Ser Glu Val Phe Gly Lys Val Phe Gin Lys Asn Val 

1305 1310 1315 

AGT CCT CAG ACC TTC AGG AAG ATG GTC GAG GAC GGA AGA CTC GAT CCC 
Ser Pro Gin Thr Phe Arg Lys Met Val Glu Asp Gly Arg Leu Asp Pro 

1320 1325 1330 

GAA AAG GCC CAG AGG CTC TCC TGG CTC ATT GAG GGG GAC GTA GTG CTC 
Glu Lys Ala Gin Arg Leu Ser Trp Leu He Glu Gly Asp Val Val Leu 
1335 1340 1345 1350 

GAC CGC GTT GAG TCC GTT GAT GTG GAA GAC TAC GAT GGT TAT GTC TAT 
Asp Arg Val Glu Ser Val Asp Val Glu Asp Tyr Asp Gly Tyr Val Tyr 

1355 1360 1365 

GAC CTG AGC GTC GAG GAC AAC GAG AAC TTC CTC GTT GGC TTT GGG TTG 
Asp Leu Ser Val Glu Asp Asn Glu Asn Phe Leu Val Gly Phe Gly Leu 

1370 1375 1380 

GTC TAT GCT CAC AAC AGC TAC TAC GGT TAC TAC GGC TAT GCA AGG GCG 
Val Tyr Ala His Asn Ser Tyr Tyr Gly Tyr Tyr Gly Tyr Ala Arg Ala 

1385 1390 1395 

CGC TGG TAC TGC AAG GAG TGT GCA GAG AGC GTA ACG GCC TGG GGA AGG 
Arg Trp Tyr Cys Lys Glu Cys Ala Glu Ser Val Thr Ala Trp Gly Arg 

1400 1405 1410 

GAG TAC ATA ACG ATG ACC ATC AAG GAG ATA GAG GAA AAG TAC GGC TTT 
Glu Tyr He Thr Met Thr lie Lys Glu He Glu Glu Lys Tyr Gly Phe 
1415 1420 1425 1430 

AAG GTA ATC TAC AGC GAC ACC GAC GGA TTT TTT GCC ACA ATA CCT GGA 
Lys Val He Tyr Ser Asp Thr Asp Gly Phe Phe Ala Thr He Pro Gly 

1435 1440 1445 

GCC GAT GCT GAA ACC GTC AAA AAG AAG GCT ATG GAG TTC CTC AAC TAT 
Ala Asp Ala Glu Thr Val Lys Lys Lys Ala Met Glu Phe Leu Asn Tyr 

1450 1455 1460 

ATC AAC GCC AAA CTT CCG GGC GCG CTT GAG CTC GAG TAC GAG GGC TTC 
He Asn Ala Lys Leu Pro Gly Ala Leu Glu Leu Glu Tyr Glu Gly Phe 

1465 1470 1475 

TAC AAA CGC GGC TTC TTC GTC ACG AAG AAG AAG TAT GCG GTG ATA GAC 
Tyr Lys Arg Gly Phe Phe Val Thr Lys Lys Lys Tyr Ala Val He Asp 

1480 1485 1490 

GAG GAA GGC AAG ATA ACA ACG CGC GGA CTT GAG ATT GTG AGG CGT GAC 
Glu Glu Gly Lys He Thr Thr Arg Gly Leu Glu He Val Arg Arg Asp 
1495 1500 1505 1510 

TGG AGC GAG ATA GCG AAA GAG ACG CAG GCG AGG GTT CTT GAA GCT TTG 
Trp Ser Glu He Ala Lys Glu Thr Gin Ala Arg Val Leu Glu Ala Leu 

1515 1520 1525 

CTA AAG GAC GGT GAC GTC GAG AAG GCC GTG AGG ATA GTC AAA GAA GTT 
Leu Lys Asp Gly Asp Val Glu Lys Ala Val Arg He Val Lys Glu Val 

1530 1535 1540 

ACC GAA AAG CTG AGC AAG TAC GAG GTT CCG CCG GAG AAG CTG GTG ATC 
Thr Glu Lys Leu Ser Lys Tyr Glu Val Pro Pro Glu Lys Leu Val lie 

1545 1550 1555 

CAC GAG CAG ATA ACG AGG GAT TTA AAG GAC TAC AAG GCA ACC GGT CCC 
His Glu Gin He Thr Arg Asp Leu Lys Asp Tyr Lys Ala Thr Gly Pro 
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4109 



4157 



4205 



4253 



4301 



4349 



4397 



4445 



4493 



4541 



4589 



4637 



4685 



4733 



4781 



4829 



4877 
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21 22 
1560 1565 1570 

CAC GTT GCC GTT GCC AAG AGG TTG GCC GCG AGA GGA GTC AAA ATA CGC 4925 
His Val Ala Val Ala Lys Arg Leu Ala Ala Arg Gly Val Lys lie Arg 
1575 1580 1585 1590 

CCT GGA ACG GTG ATA AGC TAC ATC GTG CTC AAG GGC TCT GGG AGG ATA 4973 
Pro Gly Thr Val He Ser Tyr He Val Leu Lys Gly Ser Gly Arg He 

1595 1600 1605 

GGC GAC AGG GCG ATA CCG TTC GAC GAG TTC GAC CCG ACG AAG CAC AAG 5021 
Gly Asp Arg Ala He Pro Phe Asp Glu Phe Asp Pro Thr Lys His Lys 

1610 1615 1620 

TAC GAC GCC GAG TAC TAC ATT GAG AAC CAG GTT CTC CCA GCC GTT GAG 5069 
Tyr Asp Ala Glu Tyr Tyr He Glu Asn Gin Val Leu Pro Ala Val Glu 

1625 1630 1635 

AGA ATT CTG AGA GCC TTC GGT TAC CGC AAG GAA GAC CTG CGC TAC CAG 5117 
Arg He Leu Arg Ala Phe Gly Tyr Arg Lys Glu Asp Leu Arg Tyr Gin 

1640 1645 1650 

AAG ACG AGA CAG GTT GGT TTG AGT GCT TGG CTG AAG CCG AAG GGA ACT 5165 
Lys Thr Arg Gin Val Gly Leu Ser Ala Trp Leu Lys Pro Lys Gly Thr 
1655 1660 1665 1670 

TGACCTTTCC ATTTGTTTTC CAGCGGATAA CCCTTTAACT TCCCTTTCAA AAACTCCCT 5225 
TAGGGAAAGA CCATGAAGAT AGAAATCCGG CGGCGCCCGG TTAAATACGC TAGGATAGA 5285 
GTGAAGCCAG ACGGCAGGGT AGTCGTCACT GCCCCGAGGG TTCAACGTTG AGAAGTT 5342 
[0 0 3 2] ffi^J#^2 h*Py- : ttfttt 

K5!I©S£ : 774 SH^J^«S : 9>WR 

Met He Leu Asp Thr Asp Tyr He Thr Glu Asp Gly Lys Pro Val He 

15 10 15 

Arg He Phe Lys Lys Glu Asn Gly Glu Phe Lys He Glu Tyr Asp Arg 

20 25 30 

Thr Phe Glu Pro Tyr Phe Tyr Ala Leu Leu Lys Asp Asp Ser Ala He 

35 40 45 

Glu Glu Val Lys Lys He Thr Ala Glu Arg His Gly Thr Val Val Thr 

50 55 60 

Val Lys Arg Val Glu Lys Val Gin Lys Lys Phe Leu Gly Arg Pro Val 
65 70 75 80 

Glu Val Trp Lys Leu Tyr Phe Thr His Pro Gin Asp Val Pro Ala He 

85 90 95 

Arg Asp Lys He Arg Glu His Gly Ala Val He Asp He Tyr Glu Tyr 

100 105 110 

Asp He Pro Phe Ala Lys Arg Tyr Leu lie Asp Lys Gly Leu Val Pro 

115 120 125 

Met Glu Gly Asp Glu Glu Leu Lys Met Leu Ala Phe Asp He Gin Thr 

130 135 140 

Leu Tyr His Glu Gly Glu Glu Phe Ala Glu Gly Pro lie Leu Met lie 
145 150 155 160 

Ser Tyr Ala Asp Glu Glu Gly Ala Arg Val He Thr Trp Lys Asn Val 

165 170 175 

Asp Leu Pro Tyr Val Asp Val Val Ser Thr Glu Arg Glu Met He Lys 
180 185 190 
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24 



23 



Arg Phe Leu Arg Val Val Lys Glu Lys Asp Pro Asp Val Leu He Thr 

195 200 205 

Tyr Asn Gly Asp Asn Phe Asp Phe Ala Tyr Leu Lys Lys Arg Cys Glu 

210 215 220 

Lys Leu Gly lie Asn Phe Ala Leu Gly Arg Asp Gly Ser Glu Pro Lys 
225 230 235 240 

lie Gin Arg Met Gly Asp Arg Phe Ala Val Glu Val Lys Gly Arg He 

245 250 255 

His Phe Asp Leu Tyr Pro Val He Arg Arg Thr lie Asn Leu Pro Thr 

260 265 270 

Tyr Thr Leu Glu Ala Val Tyr Glu Ala Val Phe Gly Gin Pro Lys Glu 

275 280 285 

Lys Val Tyr Ala Glu Glu He Thr Pro Ala Trp Glu Thr Gly Glu Asn 

290 295 300 

Leu Glu Arg Val Ala Arg Tyr Ser Met Glu Asp Ala Lys Val Thr Tyr 
305 310 315 320 

Glu Leu Gly Lys Glu Phe Leu Pro Met Glu Ala Gin Leu Ser Arg Leu 

325 330 335 

He Gly Gin Ser Leu Trp Asp Val Ser Arg Ser Ser Thr Gly Asn Leu 

340 345 350 

Val Glu Trp Phe Leu Leu Arg Lys Ala Tyr Glu Arg Asn Glu Leu Ala 

355 360 365 

Pro Asn Lys Pro Asp Glu Lys Glu Leu Ala Arg Arg Arg Gin Ser Tyr 

370 375 380 

Glu Gly Gly Tyr Val Lys Glu Pro Glu Arg Gly Leu Trp Glu Asn He 
385 390 395 400 

Val Tyr Leu Asp Phe Arg Ser Leu Tyr Pro Ser He He He Thr His 

405 410 415 

Asn Val Ser Pro Asp Thr Leu Asn Arg Glu Gly Cys Lys Glu Tyr Asp 

420 425 430 

Val Ala Pro Gin Val Gly His Arg Phe Cys Lys Asp Phe Pro Gly Phe 

435 440 445 

He Pro Ser Leu Leu Gly Asp Leu Leu Glu Glu Arg Gin Lys He Lys 

450 455 460 

Lys Lys Met Lys Ala Thr He Asp Pro lie Glu Arg Lys Leu Leu Asp 
465 470 475 480 

Tyr Arg Gin Arg Ala He Lys He Leu Ala Asn Ser Tyr Tyr Gly Tyr 

485 490 495 

Tyr Gly Tyr Ala Arg Ala Arg Trp Tyr Cys Lys Glu Cys Ala Glu Ser 

500 505 510 

Val Thr Ala Trp Gly Arg Glu Tyr lie Thr Met Thr He Lys Glu He 

515 520 525 

Glu Glu Lys Tyr Gly Phe Lys Val He Tyr Ser Asp Thr Asp Gly Phe 

530 535 540 

Phe Ala Thr He Pro Gly Ala Asp Ala Glu Thr Val Lys Lys Lys Ala 
545 550 555 560 

Met Glu Phe Leu Asn Tyr He Asn Ala Lys Leu Pro Gly Ala Leu Glu 

565 570 575 

Leu Glu Tyr Glu Gly Phe Tyr Lys Arg Gly Phe Phe Val Thr Lys Lys 



580 



585 



590 



( 14 ) #H8¥7 - 2 9 8 8 7 9 

25 26 
Lys Tyr Ala Val He Asp Glu Glu Gly Lys He Thr Thr Arg Gly Leu 

595 600 605 

Glu lie Val Arg Arg Asp Trp Ser Glu He Ala Lys Glu Thr Gin Ala 

610 615 620 

Arg Val Leu Glu Ala Leu Leu Lys Asp Gly Asp Val Glu Lys Ala Val 
625 630 635 640 

Arg He Val Lys Glu Val Thr Glu Lys Leu Ser Lys Tyr Glu Val Pro 

645 650 655 

Pro Glu Lys Leu Val lie His Glu Gin He Thr Arg Asp Leu Lys Asp 

660 665 670 

Tyr Lys Ala Thr Gly Pro His Val Ala Val Ala Lys Arg Leu Ala Ala 

675 680 685 

Arg Gly Val Lys He Arg Pro Gly Thr Val He Ser Tyr He Val Leu 

690 695 700 

Lys Gly Ser Gly Arg He Gly Asp Arg Ala He Pro Phe Asp Glu Phe 
705 710 715 720 

Asp Pro Thr Lys His Lys Tyr Asp Ala Glu Tyr Tyr He Glu Asn Gin 

725 730 735 

Val Leu Pro Ala Val Glu Arg He Leu Arg Ala Phe Gly Tyr Arg Lys 

740 745 750 

Glu Asp Leu Arg Tyr Gin Lys Thr Arg Gin Val Gly Leu Ser Ala Trp 

755 760 765 

Leu Lys Pro Lys Gly Thr 
770 

[0 0 3 3] BB^tJ#^3 hn#y- : ffitttt 

SH^JOg^ : 5342 K#l<0«S : c DNA 

mmom : #m (dna) mm : mftf&t&mm 

: 2*m m& : KOD 1 

GCTTGAGGGC CTGCGGTTAT GGGACGTTGC AGTTTGCGCC TACTCAAAGA TGCCGGTTTT 60 
ATAACGGAGA AAAATGGGGA GCTATTACGA TCTCTCCTTG ATGTGGGGTT TACAATAAAG 120 
CCTGGATTGT TCTACAAGAT TATGGGGGAT GAAAGATGAT CCTCGACACT GACTACATAA 180 
CCGAGGATGG AAAGCCTGTC ATAAGAATTT TCAAGAAGGA AAACGGCGAG TTTAAGATTG 240 
AGTACGACCG GACTTTTGAA CCCTACTTCT ACGCCCTCCT GAAGGACGAT TCTGCCATTG 300 
AGGAAGTCAA GAAGATAACC GCCGAGAGGC ACGGGACGGT TGTAACGGTT AAGCGGGTTG 360 
AAAAGGTTCA GAAGAAGTTC CTCGGGAGAC CAGTTGAGGT CTGGAAACTC TACTTTACTC 420 
ATCCGCAGGA CGTCCCAGCG ATAAGGGACA AGATACGAGA GCATGGAGCA GTTATTGACA 480 
TCTACGAGTA CGACATACCC TTCGCCAAGC GCTACCTCAT AGACAAGGGA TTAGTGCCAA 540 
TGGAAGGCGA CGAGGAGCTG AAAATGCTCG CCTTCGACAT TCAAACTCTC TACCATGAGG 600 
GCGAGGAGTT CGCCGAGGGG CCAATCCTTA TGATAAGCTA CGCCGACGAG GAAGGGGCCA 660 
GGGTGATAAC TTGGAAGAAC GTGGATCTCC CCTACGTTGA CGTCGTCTCG ACGGAGAGGG 720 
AGATGATAAA GCGCTTCCTC CGTGTTGTGA AGGAGAAAGA CCCGGACGTT CTCATAACCT 780 
ACAACGGCGA CAACTTCGAC TTCGCCTATC TGAAAAAGCG CTGTGAAAAG CTCGGAATAA 840 
ACTTCGCCCT CGGAAGGGAT GGAAGCGAGC CGAAGATTCA GAGGATGGGC GACAGGTTTG 900 
CCGTCGAAGT GAAGGGACGG ATACACTTCG ATCTCTATCC TGTGATAAGA CGGACGATAA 960 
ACCTGCCCAC ATACACGCTT GAGGCCGTTT ATGAAGCCGT CTTCGGTCAG CCGAAGGAGA 1020 
AGGTTTACGC TGAGGAAATA ACACCAGCCT GGGAAACCGG CGAGAACCTT GAGAGAGTCG 1080 
CCCGCTACTC GATGGAAGAT GCGAAGGTCA CATACGAGCT TGGGAAGGAG TTCCTTCCGA 1140 
TGGAGGCCCA GCTTTCTCGC TTAATCGGCC AGTCCCTCTG GGACGTCTCC CGCTCCAGCA 1200 
CTGGCAACCT CGTTGAGTGG TTCCTCCTCA GGAAGGCCCT ATGAGAGGAA TGAGCTGGCC 1260 



( 15 ) 

27 

CCGAACAAGC CCGATGAAAA GGAGCTGGCC AGAAGACGGC 
GTAAAAGAGC CCGAGAGAGG GTTGTGGGAG AACATAGTGT 
CCAGCCGATA CGAAGGTTGT CGTCAAGGGG AAGGGGATTA 
GAAGGTGACT ATGTCCTTGG GATTGACGGC TGGCAGAGAG 
GACTACAAAG GGGAGCTTGT AAACATAAAC GGGTTAAAGT 
CCCGTTGTTA CAAAGAACGA ACGACAAACG AGAATAAGAG 
CTTACTAAAA AAGTTAAGGG CAAGATAATA ACCACTCCCC 
GCGACAAGTG AGAATATTCC AGAAGAAGAG GTTCTCAAGG 
TTGGCTGAAG GAACGCTCTT GAGGAAAGAC GTTGAATACT 
CGGAGGATTT CACACCAGTA TCGTGTTGAG ATAACCATTG 
AGGGATCGTA TCACATACAT TTTTGAGCGT TTGTTTGGGA 
AAGAAAGGAA CTAACGCAGT AACACTCAAA GTTGCGAAGA 
AAGGAAATTA TGGACAACAT AGAGTCCCTA CATGCCCCCT 
GAAGGCGACG GTTCAGTAAA CAGGTTAGGA GGAGTATTGT 
ACGAGTGGAA GATTAAACTG GTGTCAAAAC TGCTCTCCCA 
CGTACACGTA TCAGTATCAG GAAAATGGGA AAGATCGGAG 
CTGGAAAGGA CGGATTGATA CTGTTCCAAA CACTCATTGG 
ACGCTCTGCT TAATAAGGCA ATATCTCAGA GGGAAATGAA 
TTTACAGGCT CAGTGAATTC AATGTCAGCA CGGAATACTA 
TAACTCTTGA AGGAACTCCC TACTTTGCCA ATGGCATATT 
CCTCAATCAT CATCACCCAC AACGTCTCGC CGGATACGCT 
AATATGACGT TGCCCCACAG GTCGGCCACC GCTTCTGCAA 
CGAGCCTGCT TGGAGACCTC CTAGAGGAGA GGCAGAAGAT 
CGATTGACCC GATCGAGAGG AAGCTCCTCG ATTACAGGCA 
CAAACAGCAT CCTACCCGAG GAATGGCTTC CAGTCCTCGA 
TCAGGATTGG AGAGCTCATA GACCGGATGA TGGAGGAAAA 
AGGGCGAGAC GGAAGTGCTT GAGGTCAGTG GGCTTGAAGT 
CTAACAAGGC CGAGCTCAAG AGAGTAAAGG CCCTGATTAG 
TCTACACCAT CAGACTGAAG TCGGGGAGGA GAATAAAGAT 
TCTCTGTGAG AAACGGGGAG CTCGTTGAAG TTACGGGCGA 
TCGTTGCAGT CCCGCGGAGA TTGGAGCTTC CTGAGAGAAA 
AACTGCTCCT TGGAACGCCA GAAGAAGAAA CTTTGGACAT 
AGGGTAAGAA GAACTTCTTT AAAGGGATGC TCAGGACTTT 
AAAAGAGGCC CAGAACCGCG AGACGCTATC TCAGGCACCT 
GGCTTAAGAA GATCGGCTAC GAAGTCCTCG ACTGGGACTC 
TCTACGAGGC GCTTGTCGAG AACGTCAGAT ACAACGGCAA 
AATTCAATTC CATCCGGGAT GCAGTTGGCA TAATGCCCCT 
AGATCGGCAC GCTGAACGGC TTCAGAATGA GAAAGCTCAT 
CAAAGCTCCT CGGCTACTAC GTGAGCGAGG GCTATGCAAG 
ACGGCTGGAG CTACAGCGTG AAGCTCTACA ACGAAGACCC 
AGAGACTCGC CAGCAGGTTT TTCGGGAAGG TGAGGCGGGG 
CGAAGAAGAT CGGCTACCTG CTCTTTGAGA ACATGTGCGG 
GGATTCCCGA GTTCGTCTTC ACGTCCCCGA AAGGGGTTCG, 
ACTCATCGGC GATGGCGACG TCCACCGAAC AAGAGACTCA 
CTTTAGCGAA CCAGCTCGTC CTCCTCTTGA ACTCGGTGGG 
GGCACGACAG CGGCGTTTAC AGGGTCTATA TAAACGAGGA 
ACAAGAAAAA GAACGCCTAC TACTCACACG TGATCCCCAA 
TTGGGAAGGT TTTCCAGAAA AACGTCAGTC CTCAGACCTT 
GAAGACTCGA TCCCGAAAAG GCCCAGAGGC TCTCCTGGCT 
TCGACCGCGT TGAGTCCGTT GATGTGGAAG ACTACGATGG 
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AGAGCTATGA 


AGGAGGCTAT 


1320 


ACCTAGATTT 


TAGATGCCAT 


1380 


TAAACATCAG 


CGAGGTTCAG 


1440 


TTAGAAAAGT 


ATGGGAATAC 


1500 


GTACGCCCAA 


TCATAAGCTT 


1560 


ACAGTCTTGC 


TAAGTCTTTC 


1620 


TTTTCTATGA 


AATAGGCAGA, 1680 


GAGAGCTCGC 


TGGCATAGTA, 1740 


TTGATTCATC 


CCGCAAAAAA 


1800 


GGAAAGACGA 


GGAGGAGTTT 


1860 


TTACTCCAAG 


CATCTCGGAG 


1920 


AGAATGTTTA 


TCTTAAAGTC 


1980 


CGGTTCTCAG 


GGGATTCTTC 


2040 


TGCAACCCAG 

J. VI V/i \i IV \J V/I lAI 


GGTACAAAGA 


2100 


GCTTGGTATC 

VI \J X X VI VI X I * 1 V/ 


CCTCATCAAA 


2160 


CAGGTATATA 


CTGGAGATAA 


2220 


ATTCATCAGT 

1\ X X V> i 1 1 V/ / 1 VJ 1 


GAAAGAAAGA 


2280 


CAACTTGGAA 


AACAATGGAT 


2340 


TGAGGGCAAG 

X VI J XVI VI V* V/J 11 I VI 


GTCTATGACT 


2400 


GACCCATAAC 


TCCCTGTACC 


2460 


CAACAGAGAA 

v 1 LJ LV/1 1VI * LVIi U V 


GGATGCAAGG 


2520 


GGACTTCCCA 


GGATTTATCC 


2580 


AAAGAAGAAG 


ATGAAGGCCA 


2640 


GAGGGCCATC 


AAGATCCTGG 


2700 


GGAAGGGGAG 


GTTCACTTCG 


2760 


TGCTGGGAAA 


GTAAAGAGAG 


2820 


CCCGTCCTTT 

VvvU 1 vvl 1 X 


AACAGGAGAA 


2880 


GCACGATTAT 


TCTGGCAAGG 


2940 


AACCTCTGGC 


CACAGCCTCT 


3000 


TGAACTAAAG 


CCAGGTGACC 


3060 


CCACGTGCTG 


AACCTCGTTG 


3120 


CGTCATGACG 


ATCCCAGTCA 


3180 


GCGCTGGATT 

VI Kf VI V/ J. VI VI I* J, X 


TTCGGAGAGG 


3240 


TGAGGATCTG 


GGCTATGTCC 


3300 


ACTTAAGAAC 


TACAGAAGGC 


3360 


CAAGAGGGAG 


TACCTCGTTG 


3420 


AAAAGAGCTG 


AAGGAGTGGA 


3480 


TGAAGTGGAC 


GAGTCGTTAG 


3540 


AAAGCAGAGG 


AATCCCAAAA 


3600 


TGAAGTGCTG 


GACGATATGG 


3660 


CAGGAACTAC 


GTTGAGATAC 


3720 


TGTCCTAGCG 


GAGAACAAGA 


3780 


GCTGGCCTTC 


CTTGAGGGGT 


3840 


GGCTCTCAAC 


GAAAAGCGAG 


3900 


GGTCTCTGCT 


GTAAAACTTG 


3960 




GTAAAGCTGG 


4020 


GGAAGTCCTG 


AGCGAGGTCT 


4080 


CAGGAAGATG 


GTCGAGGACG 


4140 


CATTGAGGGG 


GACGTAGTGC 


4200 


TTATGTCTAT 


GACCTGAGCG 


4260 



( 16 ) 7 — 2 9 8 8 7 9 

29 



30 




AAf AGfTAfT 




GAGAGCGTAA 

\j nu Vy vj i nn 


4380 


AAGTACGGCT 

/L/l VJ 1 il Vy VJ VJ Vy 1 


4440 


GCCGATGCTG 


4500 


CTTCCGGGCG 

V* 1 1 Vy Vy VJ VJ VJ Vy VJ 


4560 


AAGAAGAAGT 

AJ\VJ AAVJ AAVJ 1 


4fi?0 


GTGAGGPGTG 

\J 1 UaUUvU i vj 


4680 


CTAAAGGAfG 

V/ J AjlAVJ VJ A Vy VJ 


4740 


AGfAAGTAfG 

nuvrtnU 1 AVy VJ 


4800 


AAfJOAPTAfA 


4.8fifi 
touu 


GTf AAAATAP 

VJ 1 Vy AAAA 1 AVy 


4Q?fl 


u u \j \j niv nu VjVj 




TAfTArATTO 

i AVy 1 ttVvttl 1 \J 




CGCAAGGAAG 


5100 


CCGAAGGGAA 


5160 


AAAAACTCCC 


5220 


GCTAGGATAG 


5280 


TGAGAAGTT 


5339 



[0 0 3 4] IE^J#-^4 h*Py-:BOT 
SH^JcOg^ : 24 20 8E#JCDfliS5 : ^SDNA 



GGATTAGTGC CAATGGAAGG CGAC 24 
[0 0 3 5] SB^l#^-5 h#Dy- : jtjgtt 

BE^Jc7);g2 : 24 EWOWH : ^ffcDNA 

GAGGGCGAAG TTTATTCCGA GCTT 24 
[0 0 3 6] 1H^J#^ 6 m<D» : 2 

BE^JOg^ : 324 30 h D^v- : 
SH^JO^ : mfc (DNA) BE^JOSSi : c DNA 

GGATTAGTGC CAATGGAAGG CGACGAGGAG CTGAAAATGC TCGCCTTCGA CATTCAAACT 60 

CTCTACCATG AGGGCGAGGA GTTCGCCGAG GGGCCAATCC TTATGATAAG CTACGCCGAC 120 

GAGGAAGGGG CCAGGGTGAT AACTTGGAAG AACGTGGATC TCCCCTACGT TGACGTCGTC 180 

TCGACGGAGA GGGAGATGAT AAAGCGCTTC CTCCGTGTTG TGAAGGAGAA AGACCCGGAC 240 

GTTCTCATAA CCTACAACGG CGACAACTTC GACTTCGCCT ATCTGAAAAA GCGCTGTGAA 300 

AAGCTCGGAA TAAACTTCGC CCTC 324 
[0 0 3 7] IS^J#^7 h^Dy- : dMft 

K^nafis : 108 40 mm<Dmm : &>nt?m 

Gly Leu Val Pro Met Glu Gly Asp Glu Glu Leu Lys Met Leu Ala Phe 

15 10 15 

Asp He Gin Thr Leu Tyr His Glu Gly Glu Glu Phe Ala Glu Gly Pro 

20 25 30 

He Leu Met He Ser Tyr Ala Asp Glu Glu Gly Ala Arg Val He Thr 

35 40 45 

Trp Lys Asn Val Asp Leu Pro Tyr Val Asp Val Val Ser Thr Glu Arg 
50 55 60 
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31 32 
Glu Met He Lys Arg Phe Leu Arg Val Val Lys Glu Lys Asp Pro Asp 
65 70 75 80 

Val Leu lie Thr Tyr Asn Gly Asp Asn Phe Asp Phe Ala Tyr Leu Lys 

85 90 95 

Lys Arg Cys Glu Lys Leu Gly He Asn Phe Ala Leu 
100 105 
[0 0 3 8] fE^J#^ 8 m<Dlk : 1*« 

&H^JOS£ : 42 IB£I0«« : MDNA 

K5U<0S! : mm (DNA) 

GCCATCAAGA TCCTGGCAAA CAGCTACTAC GGTTACTACG GC 42 

[0039] m^mn 9 mo$k : \*m 

mmo&z : 32 mm<omm : mdna 

tii&KDm : mfc (DNA) 

mm 

GATGGATCCA ACTTCTCAAC GTTGAACCCT CG 32 
[0 0 4 0] B2#l#^t 1 0 m<V$k : 1*« 

mm<D&2 : 46 B2#I<0H* : ^ /SDN A 

SH^JCD^ : mm (DNA) 

mm 

GAACATAGTG TACCTAGATT TTAGATCCCT GTACCCCTCA AT CATC 46 
[0 0 4 1] EW^l 1 m<D$k: 1M 

mm<Dmts : 42 mmvmm : ^dna 

mm<Dm : mm (dna) 
mm 

GCCGTAGTAA CCGTAGTAGC TGTTTGCCAG GATCTTGATG GC 42 
[0 0 4 2] SS?iJ#^l 2 m<D%t : 1*« 

mm<D&$ : 33 mm<vmm : ^dna 

mm&m : mm (dna) 

mm 

ATCGATATCC TCGACACTGA CTACATAACC GAG 33 

[o o 4 3] mm&m 3 m<D%c: u 

mm<D&$ : 46 mm^mm 
mm<Dm : mm (dna) 

GATGATTGAG GGGTACAGGG ATCTAAAATC TAGGTACACT ATGTTC 46 

[mmcommtemm m 4 ] fimttRKK odi4*odna#«j/7 

[hi] tt*«Bs^*-©»*B&s-r. — tfae^ta^Mtstotia pyrococcus funosus* 

[02] KOD 1 ft*fittDNA#U ;* ^ — fc?$HP *^»B^14D N A# U > 7— tfjtfe^:fe£ tfThermococc 

aa^sss-ritaaiiKo^SEifabs, 40 us ntoraiiss*©iB«kttDNA3Ru^5-i?jie : Pt 

[03] KOD 1 S*BJRttDNA2RU^7-i?^J; <0Jt»*5VTo 
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[02] 




1: pET-8c 2«g 

2: pET-pol(AIV$-A, fllVS-B) 

3: pET-8c _L)g^ 

4: pET-8c _h;f|* X5 

5: pET-pol(Arv$-A. AIVS-B) 

B: pET-pol(A|V$-A, AIVS-B) x5 



DNA#y *?<Z>$W*BlJ5£ 
(SDS-PAGE&) 



[H3] 




1 : Vent ;K 'J > ^ --t? (Themnococcus litorallsfcJfc) 

2 : pET-pol(AIVS-A, AIVS-B>±£* 

3 : pET-pol(AIVS-A, AIVS-B)_hS* x 5 

4 : pET-8c JlS* 

5 : pET-8c IS* X5 

* 9— t?£ffil^PCR(Polymerase 
Chain Reaction)*: J: $ JgM ^itfcDNAfcftf* 



»Sm*&flTgKODl*fe«>DNAaiey * 5— t?«te^ 



1 ExoZ Exo3 ftl 



R2 R* R5 



PVrococcus fiiriosusODNAaK y ^ 9 - •tfSBfS^' (Pfu DNA polymerase) 

E»ol ExoZ EwO Rl Hi R4 R5 



TIT 



H 



Thermococcus HtoralisOTDNA^ } J — itfe^ (Vent DNA polymerase) 

Eaol E«g Bufl Rl R2 K2 R* R5 



III 



I 



DNA# y / 5— WMHNMitfc 



(51) Int. CI. 6 

C 1 2 R 1:19) 
(C 1 2 N 1/21 



F I 



i 
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C 1 2 R 1:19) 



A 



